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Mine reclamation 
Mining activity results in extensive soil damage, affecting vegetation 
and altering microbial communities leading to destruction of vast 
amounts of land.  
 
Reclamation is the process to restore the ecological integrity. It 
includes the management of all types of physical, chemical and 
biological disturbances of soils such as soil pH, fertility, microbial 
community and soil nutrient cycles that makes the degraded land soil 
productive again. 
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Phytoremediation 
Phytoremediation is an efficient, low-cost, and eco-friendly rehabilitation 
strategy, which uses plants and their associated microorganisms to 
remove, detoxify, and retain both organic and inorganic contaminants, 
especially those present in soil (Bolan et al., 2011). 
 
Phytoremediation promotes soil stabilization and carbon sequestration, 
and aims to restore the ecological integrity. 
Have been the soil 
cycles, processes and 
functions restored in 
the reclaimed 
ecosystem? 
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Phytoremediation 
The interactions established between plants and soil are essential to 
ecosystem functioning (roles, services, interactions of abiotic and 
biotic components…) 
Assessment of effectiveness of reclamation should 
include: physical, chemical and biological soil properties, 
and vegetation and fauna evaluation 5 
Study area: Aznalcóllar mine 
In this type of mine, ore is milled, washed, and after treatment with several 
reagents, the valuable metal sulfides are separated by floatation from 
uneconomic sulfides such as pyrite. 
 
These tailings are constituted of water-rich muds that are generally stocked 
behind a dam. The main aspects to be controlled in these installations 
concern wall resistance and water draining. Poor structure and resistance of 
the dam e.g. when constructed with rock wastes Ž . or formation of water 
lenses e.g. by inadequate Ž control of water draining; which should be 
adapted to the heterogeneous permeability of the tailings , may lead to 
rupture of the tailings reser- . voir under over-pressure of the water pockets. 
A retention basin is needed to prevent the effects of eventual break-down 
of the wall. 
Doñana National Park 
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Study area: Aznalcóllar mine 
Metallic sulfide mine with extraction of lead, 
silver and zinc, among others. 
 
The valuable metal sulfides were separated 
by floatation from uneconomic sulfides such 
as pyrite. 
 
Poor structure and resistance of the dam 
lead to rupture of the tailings reservoir. No 
retention basin was installed to prevent the 
effects of break-down of the wall. 
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Aznalcóllar mine-tailings spill 
• Mine spill in 1998 
• 4.5 M m3 of slurry 
• Along 40 km, 300 m wide to the Guadiamar River  Agriculture lands 
• Soil covered by a layer 2-30 cm thick of toxic sludge  
• Threatened the Doñana National Park 
 
 
 
 
 
XX Anniversary Review: Madejón et al. 2018, 
Science of The Total Environment 
Grimalt et al. 1999, The Science of the Total Environment 8 
Aználcollar mine-spill phytoremediation 
Phytoremediation process stages: 
1. Sludge removal 
2. Amendments addition 
3. Tree species plantation 
4. Monitoring and evaluation 
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19 years after… Guadiamar Green Corridor (GGC)  
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Amendment addition 
Amendments were applied in 2002 and 2003, and were incorporated 
into the top 15 cm of soil: 
• Inorganic amendment: sugar beet lime (SL) 
• Organic amendment: biosolid compost (BC)  
• Non-amendment: control (NA) 
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Madejón et al. 2018, Catena 166: 34-43  
The addition of amendments 
increased pH significantly and their 
effects lasted over 14 years 
Evolution of soil pH (0-15 cm) 
Phytoremediation stages 
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Amendment addition 
Amendments were applied in 2002 and 2003, and were incorporated 
into the top 15 cm of soil 
• Inorganic amendment: sugar beet lime (SL) 
• Organic amendment: biosolid compost (BC) 
• Non-amendment: control (NA)  
Madejón et al. 2018, Catena 166: 34-43  
Amended soils showed a strong, 
significant decrease compared 
to control plots, especially SL. 
Evolution of  TE availability 
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Phytoremediation stages 
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Tree planting 
1.7 M of native shrub and tree species were planted after amendment addition 
 
 
In 2014, the effect of seven 
tree species on soil pH were 
studied 
 
• Acidification effect of 
stone pine and holm oak 
• Neutralisation effect of 
carob tree, narrow-leafed 
ash and white poplar 
C
el
tis
C
er
at
on
ia
Fr
ax
in
us
O
le
a
P
in
us
P
op
ul
us
Q
ue
rc
us
O
pe
n
p
H
 v
a
lu
e
s
0
1
2
3
4
5
6
7
ab
ab
ab
a
a a
b
b
Madejón et al. 2018, Catena 166: 34-43  
Phytoremediation stages 
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Monitoring and evaluation 
The Sustainable use of the Soil-Plant System (SOILPLANT) research group from  
IRNAS-CSIC has been monitoring the Guadiamar Green Corridor since the spill  
event. 
 
Thanks to our previous research, we are now developing this ongoing study: 
 
 
Mine Closure Proceedings; Pages 633-644 
Phytoremediation stages 
Long-term effects study 
Objectives: Find out the effects of the phytoremediation process in the 
ecosystem through the study of the levels of contamination and microbial soil 
quality indicators 
             Experimental design 
 
 
 
 
 
 
             Three trees species were studied: 
 
• Wild olive: Olea europaea (OE) 
• White poplar: Populus alba (PA) 
• Stone pine : Pinus pinea (PP) 
• Control: Treeless (T) 
Gil-Martínez et al. 2018, Mine Closure Proceedings 
Soils were sampled at two fields in GGC: 
 
• North field: 15 km from the mine 
• South field: 30 km from the mine 
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Field effect 
Higher total TE concentration 
Results 
Soil North field South field p value LGV 
pH 5.9 7.4 <0.001   
Avail. P 16.06 19.42 0.241   
Total N 0.257 0.241 0.434   
Total C 2.16 3.13 <0.001   
C:N 8.19 12.81 <0.001   
As 0.201 0.169 0.419   
Cd 0.054 0.003 <0.001   
Cu 0.385 0.057 <0.001   
Pb 0.159 0.089 0.017   
Zn 5.54 0.134 <0.001   
As 146.8 36.54 <0.001 50 
Cd 0.707 0.699 0.941 10 
Cu 186.6 57.91 <0.001 150 
Pb 241.8 72.84 <0.001 200 
Zn 286.7 235.6 0.006 250 
Available 
Total 
North field: 
Gil-Martínez et al. 2018, Mine Closure Proceedings 
Acidification effect on soil pH 
High TE availability 
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Field effect 
Lower total TE concentration 
Results 
Soil North field South field p value LGV 
pH 5.9 7.4 <0.001   
Avail. P 16.06 19.42 0.241   
Total N 0.257 0.241 0.434   
Total C 2.16 3.13 <0.001   
C:N 8.19 12.81 <0.001   
As 0.201 0.169 0.419   
Cd 0.054 0.003 <0.001   
Cu 0.385 0.057 <0.001   
Pb 0.159 0.089 0.017   
Zn 5.54 0.134 <0.001   
As 146.8 36.54 <0.001 50 
Cd 0.707 0.699 0.941 10 
Cu 186.6 57.91 <0.001 150 
Pb 241.8 72.84 <0.001 200 
Zn 286.7 235.6 0.006 250 
Available 
Total 
South field: 
Gil-Martínez et al. 2018, Mine Closure Proceedings 
Clay and carbonates  
Neutral soil pH 
Low TE availability 
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Tree species and field effects 
Results 
• There is an acidification effect of 
stone pine trees in acidified soils  
• pH 
• TE availability 
• Zn availability is higher under stone 
pine trees in acidified soils  
• Negative correlation pH- TE 
availability (r  = -0.3) 
• There is a species effect on pH when soils 
are acidified but it is homogeneous  in 
neutral soils 
OE = Wild olive 
PA= White poplar 
PP = Stone pine 
T = Treeless 
In the North field there is a higher risk of 
toxicity and leaching of contaminants to 
adjacent ecosystems 
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Tree species and field effects 
Results 
• South field soils retains higher carbon 
contents  
• Carbon sequestration 
• Higher C:N ratios in South field soils 
• Highest ratio found under stone pine 
trees 
• Trees favors soil carbon sequestration, 
especially stone pine and white poplar 
species 
OE = Wild olive 
PA= White poplar 
PP = Stone pine 
T = Treeless 
Tree afforestation increases carbon 
sequestration, which mitigates climate 
change and improves soil quality and 
structure. 
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Biological indicators 
Results 
• Tree afforestation increases soil microbial 
biomass compared to treeless areas  
• Carbon microbial biomass 
• Higher activity in North field soils 
• Microbial activity is higher under white 
poplar and stone pine  
• No differences between North and South 
field 
Despite the lower C content, the microbial 
activity in the North field is high.  Glucosidase 
activity is optimal when acidic pH and low clay 
content. 
• Carbon activity: β-glucosidase 
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Biological indicators 
Results 
• Tree afforestation increases soil microbial 
biomass compared to treeless areas  
• Nitrogen microbial biomass 
• Higher nitrogen activity  in North field 
soils 
• Microbial activity is higher under stone 
pine and white poplar  
• Slightly higher biomass in South field soils 
Tree afforestation enhances microbial growth 
and nitrogen mineralization, especially under 
stone pine and white poplar 
• Nitrogen activity: glucosaminidase 
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TE contamination 
Conclusions 
• Still present after 19 years of the implementation of a phytoremediation process. 
• Increasing soil pH in the North field is recommended. Lime addition  could be a feasible 
solution to neutralize pH and, consequently, reducing TE availability. 
• Afforestation of stone pine acidifies the soil and increases the availability of contaminants. 
 
Carbon sequestration 
• Tree afforestation increased carbon sequestration compared to treeless areas, which 
mitigates climate change and improves soil quality and structure.  
• Afforestation of stone pine and white poplar species is recommended for long-term carbon 
sequestration. 
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Microbial activity and nutrient cycles 
• Tree afforestation increased carbon and nitrogen microbial biomass compared indicating 
a positive effect on the recovery of the soil functions. 
• Afforestation of white poplar and stone pine enhances enzyme activity and nutrient 
mineralization.  
 
 
 
Take home messages 
• Mine reclamation implies restoring the ecological processes. 
• Monitoring and evaluation are required to  understand the 
succession and mitigate undesired effects. There is a high 
uncertainty on ecological processes. 
• Monitoring through indicators (E.g. dragonflies as bioindicators of 
aquatic habitats restoration) 
• Open your mind: Just because we don't understand doesn't mean 
that the explanation doesn't exist – Madeleine L'Engle 
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